Objectives: To examine the cost of care for people with dementia in institutional care settings, to understand the major cost drivers and to highlight opportunities for service development. Methods: Data on 277 residents with dementia in 16 UK residential or nursing homes were collected. We estimated care and support costs and fitted models to the data. Sensitivity analyses were also conducted. Results: Care home residents cost £792 weekly: 95% of the costs accounted for by direct fees. Hospital contacts contributed the largest proportion of the additional costs. Having an established diagnosis of dementia (b = 0.070; p < 0.05) was associated with higher costs. No association was found between cost and needs (b = À0.002; p = 0.818). Conclusion: The absence of an association between cost and needs emphasizes the importance of a more needs-based costing system which could result in clinical and economic advantages.
Introduction
Cost considerations are relevant when providing long-stay services for people with dementia, particularly given the sociodemographic and psychosocial developments impacting on where and by who care is provided. Currently, the majority of the 850 000 people living with dementia in the UK live in the community (Prince et al., 2014; Knapp et al., 2007) . However, the nature of the condition means that worsening cognitive and physical functions and the presence of behavioural and psychiatric symptoms may make it difficult for individuals to stay in their own home, which contribute to increasing concern by family carers, who often experience high levels of distress, depression (Murray et al., 1999; Coen et al., 2002) , isolation from their social networks (Leinonen et al., 2001) and additional out-of-pocket expenses to support the care recipient financially (Moore et al., 2001) . For some carers, one or more of these may trigger the need to provide formal supportive domiciliary arrangements for the care recipient (Collins et al., 1994) , which can cost an average of £7000 on top of the estimated £14 000 in unpaid care provided by family members (Prince et al., 2014) . For other carers, alternatives to domiciliary care such as care home provision may be sought, especially in the event of a crisis. However, care home placements for people with dementia are costly; the average UK care home fee costs a minimum of £525 a week, although it can be higher, depending on the region and the type of room (Curtis and Burns, 2015) . This compares with an average fee paid by councils in England of £512 per week (Laing and Buisson, 2015) , representing a minimum shortfall in payments to providers by councils of £13 per week. To explain the high costs, providers in England cite increased payroll and non-payroll costs brought about by increases in inflation and an increase in the national living wage to at least £7.20 per hour.
These pressures place further challenges on already cash-strapped local authorities to pay for costly placements. Local authorities may cover some or all of the cost of care in some circumstances, but the help it provides depends on what the individual's needs are, the money they have at their disposal and the level and type of care and support required. Before consideration could be given to the level of cost to be covered by local authorities, there needs to be a closer look at the total costs of care for care home residents and what the characteristics associated with these costs are.
A recent systematic review highlighted the limited literature on what drives costs for people living with dementia in institutional settings (Schaller et al., 2015) . The objectives of the current study were to examine the cost of care for people with dementia in institutional care settings, to determine the extent to which there were variations in their costs, whether these were associated with not only personal characteristics but also cognitive ability, dependency, antipsychotic or psychotropic medication use and neuropsychiatric symptoms and to highlight opportunities for service development.
Methods

Sample
The study took place in England in South London, North London and Oxford. The data reported here were extracted from baseline data of a factorial intervention study of Person-Centred Care, Social Intervention, Exercise and Antipsychotic Review (the Well-Being and Health for People with Dementia Programme; Whitaker et al., 2014) .
Entry into the study was according to the following process: (i) Potential participants were identified by the managers of the participating care homes who approached residents or their personal consultee to be sent study information by the research team; (ii) the research team discussed the study in further detail with the resident or personal consultee either on the telephone or at a face-to-face meeting, depending on the preference of the individual; (iii) a trained researcher identified and screened study participants for eligibility; (iv) informed consent was obtained from study participants who were eligible, or if they were not capable of providing informed consent, their personal consultee provided consent on their behalf. Residents for whom consent was not obtained were excluded from the trial; and (v) care home residents were included if they met the diagnostic criteria for dementia-a score of '1' or greater on the Clinical Dementia Rating Scale (Hughes et al., 1982) and score of '4' or greater on the Functional Assessment Staging (Reisberg et al., 1982) . Therefore, all participants in the study had mild-to-severe dementia.
Data on 277 residents with dementia in 16 UK care homes were collected.
Study participants were resident either in care homes without nursing support (also called residential care homes) or care homes with nursing support (also called nursing homes).
The study was approved by the Oxfordshire Research Ethics Service Committee C (REC number 11/SC/0066).
Cost estimation
The resident fees included care cost, accommodation costs, ancillary costs and operator's profit and were collected from the care homes. Where data on resident fees were missing, they were imputed based on the average for participants in that care home. Weekly fees were extrapolated to a 3-monthly figure.
Services accessed by the study participants were recorded using the Client Service Receipt Inventory, used in previous studies of care home residents with dementia Knapp et al., 2013) . The measure included any services used by the study participants in the last 3 months from services external to the care setting, such as hospital services, community health or emergency services, social care, community mental health services and voluntary services-classified as 'other' services in this study. It was administered retrospectively covering the previous 3-month period.
Services and support costs provided by organizations external to the care home were calculated by multiplying the frequency and intensity of resources used, collected from the Client Service Receipt Inventory by appropriate unit costs. Unit costs (2011/2012 price level) were obtained from a widely used published compendium (Curtis, 2012) . Total care costs were estimated by summing care home fees and the costs of services provided by organizations external to the care homes.
Hypothesis
Following a review of the evidence base on the factors associated with total care costs, discussions with old-age psychiatrists and other researchers on the team, it was hypothesized that the care home fees, non-accommodation and total care costs would be associated with residents' demographic characteristics (age, gender, ethnicity, marital status, first language and next of kin), months in home care, psychiatric and non-psychiatric health problems (diagnosis of dementia, diagnosis of mental health problems, physical problems, sensory problems, mood (Cornell Depression Scale; Alexopoulos et al., 1988) , behavioural and other neuropsychiatric symptoms (not including agitation) including apathy and psychosis Neuropsychiatric Inventory-Nursing Home Version (Lange et al., 2004) , a diagnosis of agitation Cohen-Mansfield Agitation Inventory (Cohen-Mansfield, 1986) , learning disabilities, respiratory complaints, nervous system complaints, cardiovascular complaints, gastrointestinal complaints, other complaints, medication use (antipsychotics use and psychotropic medication use), quality of life for people with dementia (DEMQOL; Smith et al., 2005) and unmet needs covering aspects including accommodation, household skills, food, daytime activities, physical health, psychological distress, memory, money and relationships (using the Camberwell Assessment of Need in the Elderly (Reynolds et al., 2000) .
Multivariate models
Mean and standard deviations of 3-monthly costs by resident characteristics (categorized by the median value) were calculated for care home residents who received nursing support and those who did not. Generalized linear modelling was used to account for the distribution of the cost data (Curtis, 2012; Dunn et al., 2003) . Total cost of care was used as the dependent variable, and explanatory variables were age, gender, ethnicity, marital status, first language, months in home care, next of kin, diagnosis of mental health problems, physical problems, sensory problems, learning disabilities, respiratory complaints, nervous system complaints, cardiovascular complaints, gastrointestinal complaints, antipsychotics use, psychotropic medication use, diagnosis of dementia, DEMQOL and needs.
Three models were fitted: a full model which used total costs for both types of care home as the dependent variable of and controlled for all explanatory variables and two models using total costs for each type of care home and controlling for the same variables as in the full model. For each of these models, the modified Park test was used to determine the best family distribution (Gaussian, Gamma, Poisson or inverse Gaussian) to use in the model (Manning and Mullahy, 2001 ).
Sensitivity analysis
We performed two one-way sensitivity analyses by varying the dependent variable. For each of the three models, we controlled for all clinical and demographic variables in addition to the main independent variables; in the first sensitivity analysis, we changed the dependent variable to hospital costs only, and in the second, care home fees were excluded from total costs. Hospital services are an expensive component of healthcare costs; we explored the impact some variables would have on hospital costs only. In the second sensitivity analysis, we removed care home fees from the total costs and reran the models to explore whether care home fees overshadow the costs of external service provision.
All multivariate analyses were performed on STATA (StataCorp, 2011) .
Results
Demographic characteristics
Demographic and clinical characteristics and the associated costs for 277 residents living in either residential or nursing homes are summarized in Table 1 . The residents were predominantly female (73%), over 87 years old (55%), white (87%) with English as their first language (90%) and did not have a partner (77%) but had a next of kin (96%). Because of the wide inclusion criteria, the residents in the study were at all stages of Alzheimer's dementia; however, most residents who participated in this study had mild-tomoderate dementia (65%). The average Cornell Depression Scale score was 5.0 (SD = 4.4), and the mean score on the Cohen-Mansfield Agitation Inventory for agitation was 48.3 (SD = 17.2). On DEMQOLproxy and DEMQOL-patient, the means were 104.2 (12.4) and 89.3 (16.3) respectively. Sixty-one percent of the residents used psychotropic medication to treat neuropsychiatric symptoms. 
Care home costs
The care home fees averaged £9031 (range: £5343 to £14 300) over 3 months. The average total costs were £9508, equivalent to £792 per week ( Table 2) . As expected, care home fees made up the majority (95%) of the costs. Of the services provided by external care providers, hospital services were the most expensive category. Average hospital costs of £238 (range: £112 to £14 040 for those who used hospital services) contributed 3% towards the total costs and 50% of the total costs when care home fees were excluded. Primary and secondary care costs contributed 2% of the total costs. The residents in nursing homes had higher costs in all categories of care and support except for hospital costs which were higher for the residents in nursing homes without nursing support (Figure 1 ).
Models
Three models were fitted to the data on the residents in care homes, one model for all care home residents in the sample, another for the residents in nursing homes and a third for those in residential care homes. In all three models, a generalized linear model with a log link function was used. The modified Park test showed that the gamma family was the most appropriate to use with this model (coefficient of 2), and the log link function was used because of the non-normal distribution of costs.
In the full model, which did not differentiate between the types of care home, a shorter time since admission to the care home (b = À0.002; p < 0.001) and having a next of kin (b = À0.003; p < 0.001) were associated with lower costs, and having an established diagnosis of dementia (b = 0.070; p < 0.05) was associated with higher costs (Table 3) . Of note, there were no significant associations with the severity of neuropsychiatric symptoms, antipsychotic use and the use of other psychotropic medications or the level of need.
In nursing home residents, a shorter time since admission continued to be associated with higher costs. In addition, the ethnicity of residents was also associated with cost, with higher costs for non-white residents (Table 4 ). In residential care homes, next of kin had the only significant relationship (b = 0.062; p < 0.05), but the directionality was different to the model with all care home residents. There were no other significant associations in the residential care home cost model (Table 5 ).
Sensitivity analysis
For the first sensitivity analysis, we replaced the total cost variable with hospital costs only as the dependent variable. In nursing home residents, significant associations (b = 3.360, p < 0.0001) were found between hospital costs and psychotropic medication. We did not find any significant association in the full sample with hospitalization costs and any of the clinical and sociodemographic variables in bivariate and multivariate analyses.
In the second sensitivity analysis, we replaced the total cost variable with non-residential costs (all costs not including care home fees) as the dependent variable. Not having English as first language (b = À0.896; p = 0.002), less time since residents were admitted to the care home (b = À0.009; p = 0.052), having sensory problems (b = 0.464; p = 0.035) and more needs identified (b = 0.103; p = 0.035) were significantly associated with higher costs. 
Discussion
In this study, we calculated the total cost of care for residents living in care homes in an English cohort, incorporating a wide range of health and social care services and care home fees. The total averaged a little over £790 per week, which when extrapolated across all care home residents with dementia in the UK would cost £12.8 billion annually. Although the likely cost nationally for people with dementia in care homes exceeds £12 billion, there is an important caveat on this estimate as there may have been care home residents who may have been self-funders. A recent report puts the UK average of self-funders at 43% and found large regional variations, with more than half (55%) of all care home residents in the South East of England paying the full cost of their care fees, compared with 22% in the northeast (Mort and Aparasu, 2002) . Nevertheless, £7 billion represents a substantial cost to the public purse and a sizeable proportion of the national spend on dementia in the UK. The costs of services outside the residential or nursing home setting are lower than expected, but we would speculate that this was perhaps not due to the lack of need for these services but could be due to ongoing issues with lack of support from health sector services to care home residents (Gage et al., 2012; Met Life Mature Market Institute, 2012; Royal College of Nursing, 2011) . Within this context, of particular importance, costs were significantly higher for people with established dementia, even though all individuals within the study cohort all had dementia and the severity of dementia was not significantly associated with cost. This raises the potentially serious concern that there may be hidden factors disincentivizing the diagnosis of dementia in people living within care home environments and/or that the needs of these individuals are not being met.
We found that hospital costs were 1.76 times higher for people in care homes without nursing support than those in nursing homes. This finding is probably explained by the greater nursing expertise and the associated skills in nursing home settings that may enable a greater proportion of medical events to be managed within the care setting without recourse to expensive hospital services (Konetzka et al., 2008) . The results do, however, also highlight a specific opportunity to improve outreach services and training of staff in care homes where there is no nursing support, to reduce unnecessary hospital admissions.
In the base model, neither neuropsychiatric symptoms nor the use of psychotropic drugs was associated with increased overall cost. However, in further sensitivity analyses, the use of psychotropic medicines was associated with hospital costs in nursing home residents. Whilst it may be surprising that the impact of psychotropic drug use on costs was not more substantial, these agents are known to be associated with increased risk of falls, fractures and delirium in older people with dementia (Frijters and Achterberg, 2007) , and the more specific association with hospital costs is consistent with what would be expected clinically but has not previously been established.
The base model also showed a significant association between a shorter period of time in the care home and higher costs. At first consideration, the opposite association may be expected, as severity of dementia and level of need will increase over time. However, people are often admitted to care homes at a time of crisis and many individuals find it difficult to adjust to care home environments. Specific interventions and additional support for newly admitted residents may be important opportunities for commissioners and researchers to improve outcomes for individuals and potentially to also improve cost-efficiency.
The absence of a clear association between needs and severity of dementia respectively and cost is a serious concern and suggests that the current model is not needs driven. An alternative costing model used in the Netherlands has a 10-level payment scale based specifically on level of need (Life, 2007) ; we would consider including a basic cost which would cover the accommodation element. As the accommodation costs per se do not vary between individuals, this approach enables additional specific care and therapy requirements to be addressed. There may be opportunities to examine different approaches to enable more flexible provision of care to better address the needs of individuals requiring higher levels of support.
In the sensitivity analysis, when care home fees were excluding the from the analysis, not having English as first language and having sensory problems were significantly associated with higher costs, providing further opportunities for specific interventions and service delivery to improve outcomes for individuals without incurring additional cost. Interestingly, the level of needs was also significantly associated with cost in the sensitivity analysis excluding care home fees, and this may provide a better model to evaluate cost-effectiveness for clinical trials in residential care and nursing home settings.
Strengths and limitations
This study has limitations. First, these findings are based on a cross-sectional analysis of care home provision and service use and reflect what exists and the cost of current care home provision rather than how long-run costs respond to residents with dementia with various needs in different types of care home setting. Second, the study considers UK care homes which have been traditionally subdivided into residential and nursing subtypes but does not explore the relationships by service providers, that is, whether care homes are owned and managed by the local authority, private or voluntary sector. Some evidence exists among institutional care for people with mental health problems by providing sectors but not specifically for those with dementia (Laing, 2013 ). An extension to these analyses would be to explore in more detail variations in costs depending on the service provider and to test for possible collinearity, as this can interfere with determining the precise effect of each predictor, although it would not affect the overall fit of the model or result in bad predictions. Previous research has shown that the most prevalent resident and staff problem in nursing home dementia care is neuropsychiatric symptoms, and the high prevalence of these symptoms is associated with increased pressures on care home resources (Chisholm et al., 1997; Zuidema et al., 2007) . The primary source for the data did not include any care homespecific resource costs in the costing; it is therefore not surprising that we did not find any significant associations between costs and neuropsychiatric symptoms.
We also did not set out to explore the goodness of fit of any of the models or how much of the variation in costs could be explained by the characteristics of residents with dementia as previous robustly conducted research has focused on (Bostick et al., 2006; Wolstenholme et al., 2002 ), but we did explore an area which has not received much attention: whether the cost of care provided by external agencies from health, social care and the voluntary sector to residents with dementia receiving nursing care and those without are responding positively or indeed negatively to cognitive ability health complaints, medication use, neuropsychiatric symptoms and personal characteristics, which is another strength of the study.
A further strength of the current study is that the total costs of services and support to care home residents cover not only the weekly fees but also the cost of contact made with professionals outside the care home to meet their health and social care needs. The cost of services provided outside the care home has not received attention in the literature. Further research is required in this area. 
